Objective To evaluate the success rate of vaginal pessary fitting and identify the risk factors associated with unsuccessful pessary fitting in a large cohort of patients with symptomatic pelvic organ prolapse (POP).
Introduction
Pelvic organ prolapse (POP) is a common condition in adult women and up to 50% of parous women have been reported to develop some degree of POP in their lifetimes.
1,2 Insertion of a vaginal pessary and pelvic reconstructive surgery are the two most commonly used treatments for symptomatic POP. A vaginal pessary is a low-risk and cost-effective conservative treatment for POP. A pessary not only can reduce symptoms by restoring the anatomy of the pelvic organs but may also prevent POP progression. 3 Women who use pessaries report high satisfaction rates, a significant reduction of bothersome vaginal, bowel and urinary symptoms, and improvement in their quality of life (QoL). [4] [5] [6] [7] Kapoor et al. 8 showed that nearly two-thirds of women with symptomatic POP opted for pessaries instead of surgery as the initial treatment. Additionally, nearly two-thirds of American physicians would choose a vaginal pessary rather than surgery as the first-line treatment. 9 Two categories of pessaries exist: support and space-filling. The most commonly used support pessary is the ring pessary (with diaphragm), and the Gellhorn pessary is the most commonly used space-filling pessary. 9 The rate of successful pessary fitting trials in women with symptomatic pelvic organ prolapse ranges from 58 to 96%. [10] [11] [12] [13] [14] In addition, the risk factors of unsuccessful pessary fitting are inconsistent among different studies and include increased parity, 15 a history of hysterectomy or known reconstructive surgery for prolapse, 14, 16 stress incontinence, 17 rectocele, 18 a lower POP-Q stage, 19 a short vaginal length (≤ 6 cm) and a wide vaginal introitus (4 fingerbreadths accommodated). 12 At present, a consensus on the predictors of an unsuccessful pessary fitting has not been reached. Moreover, some seemingly contradictory conclusions were reached in these studies, possibly as a result of small sample bias.
Our study was designed to evaluate the success rate of pessary fitting and to identify predictors of unsuccessful fitting in a large cohort of patients with symptomatic pelvic organ prolapse to provide meaningful guidelines for pessary fitting trials and optimal counselling for patients concerning appropriate treatment methods.
Methods

Study participants
This study was a prospective observational study. Between May 2015 and December 2016, patients with stage II or higher symptomatic POP visited the Department of Obstetrics and Gynaecology, Peking Union Medical College Hospital (PUMCH), Beijing, for POP treatment. All patients were examined by one experienced urogynaecologist (Dr L. Zhu) and staged according to the POP-Q. 20 Treatment options, including pelvic muscle exercises, pessary use and surgery, were offered to the patients. Pelvic muscle exercises were mainly offered to patients with a lower POP-Q stage (≤stage 2). Vaginal pessaries were mainly offered to patients who had contraindications for surgery or who were unwilling to undergo surgery and had not yet completed their families. We especially encouraged patients older than 60 years of age to participate in the pessary fitting trial first, regardless of demographic characteristics, surgical history or POP-Q parameters.
Study design
The baseline demographic data, obstetric history, hormonal status, history of a hysterectomy or prior reconstructive surgery with or without hysterectomy and urinary symptoms of the patients who chose pessary treatment were recorded. The following urinary symptoms were assessed: stress incontinence, urgency and voiding difficulty. When point C or D was reduced to its full normal position, we inserted a sterile cotton swab into the deepest position of the vagina without applying tension and measured the length between the top of the swab and the hymen in centimeters, which was recorded as 'total vaginal length' (TVL). The vaginal introitus width was not included in the POP-Q system and was measured horizontally by the number of fingerbreadths that were accommodated across the posterior fourchette according to prior literature (i.e., 1, 2, 3 and 4 fingerbreadths corresponded to approximately 1, 3, 5 and 6 cm, respectively). 12 A ring pessary with support (CooperSurgical, Trumbull, CT, USA) was inserted, followed by a Gellhorn pessary (short stem) if the ring pessary did not stay in place. Generally, the largest pessary that was comfortable for the patient was used. Those patients in whom a pessary was found to fit comfortably were asked to ambulate, perform Valsalva manoeuvres and void while they were in the office. An unsuccessful fitting was considered if a patient was unable to be fitted with a pessary at the first visit due to discomfort or expulsion. Patients who felt comfortable were taught how to manage the device, including regular removal, cleaning and replacement, as described previously. 21 The pessary type and size were recorded. Furthermore, the patients were asked to return after 2 weeks for a follow-up examination. At the second visit, patients who were comfortable, retained the pessary, and planned to continue pessary use were considered to have undergone a successful fitting and were asked to return for a follow-up examination at 3 months. Women who had discomfort and expulsion were offered another pessary if they wanted to continue. They then returned again after 2 weeks for a third visit and were evaluated as described above.
A successful initial pessary fitting trial was defined as either a patient who was fitted with a pessary at the first visit and continued to use it 2 weeks later or a patient who was refitted with a new pessary at the second visit and continued to use it 2 weeks later, similar to the prior criterion. 12 Candidate predictors for an unsuccessful pessary fitting were selected based on a literature review and mainly included demographic data, obstetric history, history of pelvic surgery, urinary symptoms and POP-Q parameters.
Statistical analysis
An independent samples t-test or non-parametric test was used to analyse continuous variables. A k 2 test (continuity-corrected Chi-square test or Fisher's exact test) was used to compare categorical variables as appropriate. Possible predictors of a successful pessary fitting were assessed using multivariate logistic regression. P < 0.05 was considered statistically significant. A receiver operating characteristic curve was calculated using TVL as the predictor for a successful pessary fitting. SPSS v.24.0 (IBM Corp, Armonk, NY, USA) was used to perform the statistical analyses. This study received financial support from the Chinese Academy of Medical Sciences innovation project (No. 2017-12M-1-002).
Results
Between May 2015 and December 2016, a total of 343 patients with symptomatic POP underwent pessary fitting trials in our clinic; during the same period, 286 patients were eligible for and underwent pelvic reconstructive surgeries. Among the 343 patients, 47 patients had contraindications for surgery, nine patients selected a pessary because they had not yet completed their families and the remaining 287 patients were unwilling to undergo surgery. Overall, 302 patients had a successful pessary fitting. The success rate of the pessary fitting trials was 88.0%. As expected, a ring pessary with support was the most frequently used pessary (212/302, 70.2%), followed by the Gellhorn pessary (90/302, 29.8%). Twenty-seven women could not be fitted with a pessary at the initial visit, and 14 more women had discontinued use by the 2-week visit; none of these women wanted to be refitted with a new pessary. The most common reason for an unsuccessful pessary fitting trial was an inability to hold the pessary in the vagina (20/41); four additional reasons were 'uncomfortable' (14/41), 'de novo urinary incontinence' (3/41), 'voiding difficulty' (3/41) and 'failure to relieve prolapse symptoms' (1/41) ( Figure 1 ).
The mean (SD) ages of the patients with successful versus unsuccessful pessary fitting trials were 68.5 AE 9.1 and 63.1 AE 12.6 years, respectively. The mean (SD) body mass indexes (BMIs) were 24.7 AE 3.1 and 25.7 AE 3.8 kg/m 2 in the two groups, respectively. Of the 302 patients who were successfully fitted with a pessary, the median (IQR) gravidity and vaginal delivery times were 3 (2-4) and 2 (2-3), respectively; the respective values were 3 (2-4) and 2 (1-3) in the unsuccessful group. Nearly all patients (328, 95.6%) were postmenopausal and none had received hormone therapy (HT). Almost all patients were classified as stage III (286, 83.4%) or stage IV (50, 14.6%), with only seven (2%) patients classified as stage II. Among the total of 343 patients, 41 patients had a hysterectomy for gynaecological diseases other than the prolapse (29 for uterine myoma, five for a benign ovarian cyst, five for abnormal uterine bleeding, one for a cervical polyp and one for ovarian cancer), and 25 patients had POP reconstructive surgery with or without a hysterectomy. A total of 41 women had an unsuccessful pessary fitting trial (12.0%), including eight in the POP reconstructive surgery group (8/25, 32%), four in the hysterectomy for gynaecological diseases other than prolapse group (4/41, 9.8%) and 29 who had no previous pelvic surgery (29/277, 10.5%). The success rate of the pessary fitting in patients after POP reconstructive surgery was decreased.
When comparing the characteristics of women with successful versus unsuccessful pessary fitting using univariate analyses (Table 1) , we found that a younger age (68.5 AE 9.1 versus 63.1 AE 12.6 years in the successful and unsuccessful groups respectively, P = 0.009), shorter postmenopausal period [20 (12-26) (6.8-8) cm in the successful and unsuccessful groups, respectively] were significantly associated with unsuccessful pessary fitting (P < 0.05). Obstetrical history and urinary symptoms had no association with unsuccessful pessary fitting. Patients with the predominant prolapse compartment in the anterior wall were significantly more likely to have a successful fitting (P < 0.001). All predictors for an unsuccessful pessary fitting with a P-value <0.05 in the univariate analysis were assessed in the multivariable logistic regression analysis; the results showed that a higher BMI (OR 1.174, 95% CI 1.055-1.307, P = 0.003) and shorter TVL (OR 0.338, 95% CI 0.223-0.513, P < 0.001) were independent predictors of an unsuccessful pessary fitting trial (Table 2) . Detailed information regarding POP-Q stage for each compartment is listed in Table 3 .
A receiver operating characteristic curve was applied using TVL as the predictor for a successfully pessary fitting (Figure 2 ). Patients with a TVL of 7.3 cm or longer had a higher pessary fitting success rate (sensitivity = 0.82, specificity = 0.64).
Discussion
Main findings
The success rate of pessary fitting was 88.0% in our study. Patients with the predominant prolapse compartment in the anterior wall were significantly more likely to have a successful fitting. A younger age, shorter postmenopausal period, higher BMI, history of POP reconstructive surgery, the predominant prolapse compartment in the posterior wall, and a BMI, body mass index; GH: genital hiatus; IQR, interquartile range; SD, standard deviation; TVL, total vaginal length. *The sum of the proportions exceeds 100% as many women had more than one type of prolapse. The detailed information regarding POP-Q stages for each compartment is described in Table 3 .
a Independent-samples t-test. The potential predictor of unsuccessful fitting with P < 0.05 in the univariate analysis were enrolled into multivariate logistic regression. shorter TVL were significantly associated with unsuccessful pessary fitting. A higher BMI and a shorter TVL (<7.3 cm) were independent predictors of unsuccessful pessary fitting.
Strengths and limitations
One strength of our study was that this study was prospective and could provide useful information for pessary fitting trials. Another strength was that the data were collected from a single institution and all patients were seen by one physician, guaranteeing that the POP-Q and vaginal introitus were consistently measured. The limitations of our study included a possible patient selection bias, as the patients were selected by a single physician (pessary fitting trials were performed by another physician) and had limited pessary choices. Our department is the largest and most authoritative POP treatment centre in China. In our study, except for the relatively small proportion of patients who had contraindications for surgery or had not yet completed their families, most patients (287/343, 83.7%) selected pessary treatment because they were unwilling to undergo surgery; a nearly equal proportion of patients selected surgery (286) during the study period. One reason for this is that we encouraged patients older than 60 years to choose vaginal pessaries as the firstline treatment, regardless of demographic characteristics, surgical history or POP-Q parameters, thus minimising the possibility of confounding factors other than age. BMI, body mass index; CI, confidence interval; df, degree of freedom; OR, odds ratio; POP, pelvic organ prolapse; SE, standard error; TVL, total vaginal length. The numbers in bold indicate P < 0.05 in the multivariate logistic regression analysis. Table 3 . Detailed information regarding POP-Q stages for each compartment in both the successful and unsuccessful groups Figure 2 . A receiver operating characteristic curve was calculated using TVL as the predictor for a successful pessary fitting.
Interpretation
The successful pessary fitting trial rates in women with symptomatic pelvic organ prolapse have ranged from 58 to 96% in previous studies. [10] [11] [12] [13] [14] In our large cohort study, the success rate was 88.0%, which fell within the upper side of the range. One explanation is the experience of the physician in our department. Therefore, we strongly recommend that the pessary should be fitted by specially trained physicians.
A higher BMI was an independent predictor of an unsuccessful pessary fitting in our study, in accordance with previous research. 10, 16 According to our clinical experience, women with higher BMIs have increased intrapelvic pressure; thus, retaining the pessary in the vagina is difficult, especially when patients ambulate, perform Valsalva manoeuvres or void. More than half of the patients included in this study had BMIs above 24 and were encouraged to lose weight to improve the fit of the pessary. In the current study, the success rate of pessary fitting in patients after POP reconstructive surgery decreased to 68%, which was significantly lower than that of patients without pelvic surgery. This result is consistent with results of previous studies. 13, 14, 16, 22 Similar to the study of Markle et al. 23 we found that patients in the POP reconstructive surgery group had a significantly shorter TVL compared with those without prior surgery [median (IQR): 7.0 (6.3-8.0) versus 8.0 (8.0-9.0) cm]. The shortened vaginal length made retaining the pessary in the midportion of the vagina above the levator plate difficult. Additionally, surgical dissection and excision could make the vagina too tight or rigid to expand.
14 In concert with the shorter TVL, patients could fail to fit a pessary either due to expulsion or discomfort. However, a prior POP reconstructive surgery was not an independent predictor of an unsuccessful pessary fitting, possibly due to the relatively small sample size; thus, further study is needed. Nguyen et al. 22 and Wu et al. 17 reported that patients with coexisting stress urinary incontinence were more likely to have an unsuccessful pessary fitting and were more likely to choose surgery. We explored the relation between urinary symptoms and pessary fitting but did not find a positive result. This finding was not surprising because one previous study from our group showed that urinary symptoms, including stress incontinence, urgency incontinence and voiding difficulty, improved in 58.1, 76.9 and 97.8%, respectively, after short-term pessary use. 24 Vaginal pessary could restore continence by stabilising the urethra and urethrovesical junction and consequently increasing urethral resistance. Moreover, 18.5% of the patients developed de novo SUI after pessary fitting in our study; however, most symptoms were mild and only three patients had symptoms severe enough to cause unsuccessful pessary fitting. We compared the success rate of fitting between stage III and stage IV and found no relation between a successful fit and the degree of prolapse, consistent with most studies. 10, 16, 23 This finding indicated that patients with higher POP stages should not be counselled against a pessary fitting trial. The pessary is designed to support the anterior vaginal wall rather than the posterior vaginal wall because the anterior vaginal wall can support the pessary via the pubic bone, whereas a prolapsed posterior vaginal wall lacks the structure to retain the pessary. 18 Indeed, patients with the predominant prolapse compartment in the anterior wall were significantly more likely to have a successful fitting in our study. Conversely, patients with the predominant prolapse compartment in the posterior wall were likely to be unsuccessfully fitted according the univariate analysis. Interestingly, we found that patients with the predominant prolapse compartment in the posterior wall were more likely to be fitted with a Gellhorn pessary (data not shown, P = 0.03). A Gellhorn pessary can produce suction against the proximal vagina, thereby facilitating pessary retention regardless of the leading edge of the prolapse. From this perspective, the pessary fitting process in our study (first ring pessary with support, followed by a Gellhorn pessary if the ring pessary did not stay in place) was clinically feasible.
In addition to the overall POP-Q stage and predominant prolapse compartment, other pelvic examination parameters, including TVL, vaginal introitus and genital hiatus (GH), were also evaluated as risk factors for an unsuccessful pessary fitting trial. Unsuccessfully fitted patients had a shorter vaginal length and wider vaginal introitus. 12, 25 Several studies employed extreme values of the pelvic examination parameters to predict unsuccessful pessary fitting, but the cut-off values were inconsistent among these studies. A shorter vaginal length (≤ 7, ≤ 6 or < 6 cm), 12, 23, 26 wider vaginal introitus (> 4 fingerbreadths), 12, 26 and greater GH/ TVL ratio (≥ 0.9) 19, 23 were reported to be associated with an unsuccessful fitting. In our current study, a shorter TVL was an independent predictor of an unsuccessful pessary fitting trial in the multivariable logistic regression analysis. Vaginal introitus and GH were found to have no relation to unsuccessful pessary fitting. A receiver operating characteristic curve was calculated using the TVL as the predictor for a successful pessary fitting to better guide its clinical application. Patients with a TVL of 7.3 cm or longer had a higher pessary fitting success rate. Therefore, patients with a TVL less than 7.3 cm are not appropriate candidates for a vaginal pessary.
Conclusion
The success rate of the pessary fitting trials was 88.0% in our study. Patients with the predominant prolapse compartment in the anterior wall were significantly more likely to have a successful fitting. A higher BMI and a shorter TVL were independent predictors of an unsuccessful pessary fitting trial. Patients with a TVL less than 7.3 cm had a higher unsuccessful pessary fitting rate.
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